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Objective. Intraoperative quality control after carotid endarterectomy (CEA) has been advocated to improve the results of
surgical treatment of extracranial carotid artery disease. The aim of this study was to evaluate the usefulness of completion
angiography (CA) in prevention of stroke and restenosis after CEA in a single center experience.
Materials and methods. Data concerning 914 consecutive CEAs performed in 3 years (2000e2002) were prospectively
collected in a dedicated database. Patients were divided into two groups: in the first group (mandatory-CA group; 430
cases) CA was routinely carried out, except in presence of contraindications to iodinate contrast agents; in the second group
(selective-CA group, 484 cases) CA was performed only in selected cases, at surgeon’s discretion.
Results. There were no significant differences between the two groups in terms of neurological complications at awakening
(0.5% in mandatory-CA group and 0.4% in selective-CA group; p¼ n.s.) and in 30-day stroke and death rate (1.9% and
1.4%, respectively; p¼ n.s.). A surgical revision on the basis of CA findings was performed in 5 cases in mandatory-CA
group and in 2 cases in selective-CA group (1.2% and 0.4%, respectively; p¼ n.s.). In the second group, the conditions
significantly associated with the need for CA examination were internal carotid near-occlusion, preoperative symptoms,
shunt insertion, kind of surgical reconstruction, redo surgery. Estimated absence of ipsilateral stroke and absence of reste-
nosis at 18 months was 98.9% and 89.7% in mandatory-CA group and 99.3% and 93.4% in selective-CA group (p¼ n.s.)
respectively.
Conclusions. Based on our experience, routine CA following CEA is not suggested. A policy of selected CA at the sur-
geon’s discretion seems to make the intervention safe and durable as well.
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Carotid endarterectomy (CEA) is a safe and effective
procedure and still represents the best therapeutic
option1 for the treatment of extracranial carotid artery
disease. Several strategies have been proposed to re-
duce perioperative complications and late ipsilateral
neurological events2e5 including completion imaging.
The aimof completion studyafterCEA is to identifypo-
tential technical defects or imperfections in the site of
endarterectomy (intimal flaps, platelet aggregates, pla-
que residues, stenosing sutures, patch curves). These
defects have been related to perioperative neurological
complications6 and restenosis.7 Completion angiogra-
phy (CA) was introduced in 1968 by Blaisdell8 to
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duplex imaging9e11 and angioscopy12 have been pro-
posed as alternative methods. The incidence of major
technical defects reported in several studies varies be-
tween 5 and 43%,13 and because of different opinions
concerning the need for treating these defects, there is
no general agreement regarding either the need for
performing routinely intraoperative control or the
superiority of one method over the others.
The aim of this study was to evaluate the effective-
ness of completion angiography in prevention of early
and late neurological complications and restenosis
after CEA in a single center experience.
Materials and Methods
Patients
We prospectively collected in a dedicated database
data concerning 914 consecutive CEAs performedrved.
370 C. Pratesi et al.from January 2000 to December 2002 at our Depart-
ment. Preoperative assessment consisted of computed
tomography (CT) scan of cerebral parenchyma; dou-
ble projection digital subtraction angiography (DSA)
or computed tomography angiography (CTA) and
duplex-scanning. Degree of stenosis was determined
by mean of the NASCET method.
Our strategy of intraoperative quality control sub-
stantially changed during the years and allowed us
to create two different subgroups of patients. In the
first group 430 CEAs carried out from January 2000
to June 2001 were included, and in the second group
there were 484 CEAs performed between July 2001
and December 2002. In the first group (mandatory-
CA group) completion angiography was routinely
carried out, except in patients with history of allergic
reactions to iodinate agents (11 cases) or elevate creat-
inine serum levels (37 cases) or monoclonal gamma-
pathy (4 cases). In the second group (selective-CA
group) completion angiography was performed only
in selected cases when surgeon considered it neces-
sary (48 cases).
Technical notes
All the interventions were performed under general
anaesthesia. Somatosensory evoked potentials (SEPs)
were used to monitor cerebral status during surgical
intervention and to indicate when shunt was neces-
sary. A selective criterion for shunt insertion was
used, defined as a reduction of N20/P25 waves lower
than 75%.14 A selective policy of patching on the basis
of sex, age and diameter of internal carotid artery was
adopted.
After standard CEA, performed in all the cases
according to our technique of the early distal control
of the internal carotid artery,15 all angiographic proce-
dures were carried out under fluoroscopic control, us-
ing a mobile digital C-arm image intensifier. The CA
after CEA was routinely performed using a standard
procedure:16 at the end of the suture of the arterio-
tomy, after the clamps have been removed, a 21 gauge
needle, connected to a syringe containing 10 ml of
contrast medium, was introduced in the common
carotid artery. Retrograde or anterograde injections
were used, according to surgeons’ preferences. It
was possible to obtain good visualization of intra-
and extracranial vessels in all the cases and the time
necessary for the procedure was rarely longer than 5
minutes.
Technical defects were defined as major flaws in
the presence of residual stenosis >50% or dissection
longer than 2 mm and minor flaws in the presence
of residual stenosis <50% or short dissection.Eur J Vasc Endovasc Surg Vol 32, October 2006Follow-up
Follow-up clinical examination and duplex imaging
were performed at 1, 3, 6, and 12 months and yearly
thereafter. All studies were performed using the Acu-
son Sequoia 512 Ultrasound System (Acuson Corpora-
tion, Mountain View, Ca.), using a 8L5 linear array
probe with an operating frequency of 8.0 5.0 MHz.
Statistical analysis
Statistical analysis was performed by means of SPSS
11.5 for Windows (SPSS Inc., Chicago, U.S.A.). Gene-
ral characteristics, vascular risk factors, intraoperative
variables, perioperative risk of stroke and death and
neurological morbidity rates in the two groups were
analysed and compared by mean of c2 test or Fisher
testwhennecessary. Statistical significancewasdefined
at the p less than 0.05 level. Follow-up data were ana-
lysed by life-table analysis (Kaplan-Meier test) and re-
sults in subgroups were compared by means of log
rank test.
Results
The two groups were homogeneous for sex, age and
traditional atherosclerotic risk factors, except for a
slight prevalence of hyperlipemia in mandatory-CA
group (Table 1).
There were no differences between the two groups
in terms of preoperative clinical status and degree of
stenosis on operated side; also intraoperative techni-
cal features were similar (Table 2).
In the mandatory-CA group there were 5 surgical
revisions after CA, in 4 cases due to the presence of
major technical flaws and in 1 case due to minor tech-
nical flaw; in selective-CA group there were 2 surgical
revisions, both due to major flaws.
Univariate analysis showed the presence of preope-
rative symptoms, the presence of internal carotid
Table 1. Demographic and risk factors for atherosclerosis in the
two groups
Mandatory-CA
group
Selective
CA-group
p
Male sex 300/430 (70%) 340/484 (70%) n.s.
Mean age 70.5 yrs. 71.1 yrs. n.s.
Diabetes 106/430 (25%) 92/484 (20%) n.s.
Coronary artery disease 97/430 (22%) 105/484 (21%) n.s.
Hypercholesterolemia 195/430 (45%) 171/484 (35%) 0.002
Hypertrigliceridemia 153/430 (35%) 98/484 (20%) 0.001
Arterial hypertension 290/430 (67%) 332/484 (68%) n.s.
Smoker or past smoker 285/430 (66%) 325/484 (67%) n.s.
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shunt insertion and redo interventions to be signifi-
cantly associated to the choice of performing CA in
selective-CA group (Table 3).
Neurological complications on waking and at 30-
daysdidnot significantlydiffer inbothgroups (Table4).
Follow-upwas performed in 853 patients (93.3%), with
a median duration of 12 months (range 1e34). During
follow-up there were 6 deaths and 5 neurological
events ipsilateral to operated carotid artery (2 transient
ischemic attacks and 3 major strokes); no contralateral
neurological deficits were detected.
Estimated cumulative 18 months-survival was
97.1% in mandatory-CA group and 99.2% in selective-
CA group ( p¼ 0.07; log-rank 3.4). Estimated absence
of ipsilateral stroke at 18 months was 98.9% in the first
group and 99.3% in the second group ( p¼ 0.9; log-rank
0; Fig. 1) and estimated restenosis >50% rate at 18
months was similar in the two groups (10.3% and
Table 2. Preoperative clinical and anatomical status; intraopera-
tive findings
Mandatory-CA
group
Selective
CA-group
p
Degree of stenosis
- 50e70% 7/430 (1.5%) 5/484 (1%) n.s.
- 70e80% 177/430 (41%) 199/484 (41%) n.s.
- >80% 232/430 (54%) 253/484 (53%) n.s.
- Near occlusion 6/430 (1.5%) 23/484 (4%) n.s.
- Pseudo-occlusion 8/430 (2%) 4/484 (1%)
Redo intervention 25/430 (6%) 23/484 (5%) n.s.
Preoperative absence
of symptoms
276/430 (64%) 278/454 (58%) n.s.
Patch closure 312/430 (72%) 384/484 (78%) n.s.
Shunt insertion
- SEPs reduction 29/430 (7%) 24/484 (5%) n.s.
- Routine shunt 15/430 (3.5%) 17/484 (3.5%) n.s.
Surgical revision 5/430 (1%) 2/484 (0.5%) n.s.
Table 3. Univariate analysis for the need of completion CA in
selective-CA group
Selective-CA p
- shunt insertion 10/41 (24%)
0.005
- no shunt insertion 38/443 (8.5%)
- eversion CEA 5/10 (50%)
<0.001
- primary closure 4/85 (4.7%)
- patch closure 36/384 (9.5%)
- carotid bypass 3/15 (20%)
- carotid near-occlusion 11/23 (48%)
<0.001
- no carotid near occlusion 38/443 (8.5%)
- symptomatic patients 29/206 (14%)
0.008
- asymptomatic patients 19/278 (7%)
- primary intervention 38/462 (8%)
<0.001
- redo surgery 10/22 (45%)6.6%, respectively; p¼ 0.6 log rank 0.22; Fig. 2). No
significant difference in restenosis rate were found in
patients with or without surgical revisions.
Discussion
Previous studies6,8,11,17e22 (Table 2) show that techni-
cal defects or imperfections during carotid surgery
are not infrequent. In Blaisdell’s experience,8 CA re-
vealed significant lesions in 26% of the cases. Several
authors23,24 report significant improvement in the
results of CEA for patients undergoing completion
angiography. Despite these results, the usefulness of
Table 4. Early results
Mandatory-CA
group
Selective-CA
group
p
Neurological deficits
at awake
2/430 (0.5%) 2/484 (0.4%) n.s.
30 day results
- minor stroke 0 4/484 (0.8%) n.s.
- major stroke 5/430 (1.1%) 0 n.s.
- deaths 3/430 (0.7%) 3/484 (0.6%) n.s.
30-day stroke
and death rate
8/430 (1.8%) 7/484 (1.4%) n.s.
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Fig. 1. Estimated absence of ipsilateral stroke at 18 months.
372 C. Pratesi et al.an intraoperative quality control during extracranial
carotid surgery remains an unresolved problem and
there is no strong evidence to support its routine ap-
plication. The main reason for this doubt is related
to the still undemonstrated correlation between tech-
nical defects or imperfections and neurological events
in the early postoperative period. Several authors19,25
deny the effectiveness of completion imaging, sup-
posing that few lesions require immediate surgical
revision.
Intraoperative completion angiography is a safe
procedure. Allergic reactions are rarely described26
and the radiological risk to the surgeon is low.27 It
has been hypothesized that 20,000 intra-operative
angiograms are necessary to expose the surgeon to a
cumulative dose of dangerous radiations.
In recent years, the use duplex scanning has been
proposed as an alternative or adjunctive method for
intraoperative completion imaging. In the detection
of minor technical defects after CEA,28 duplex scan-
ning has been reported to be more accurate than
carotid angiography.
On the basis of our findings, routine CA is not justi-
fied. We suggest selective intraoperative angiography,
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Fig. 2. Estimated absence of severe restenosis at 18 months.Eur J Vasc Endovasc Surg Vol 32, October 2006particularly when the distal end-point has not been
clearly visualised for example during eversion endar-
terectomy.19,25 Other situations in which CA should
be considered are primary closure,29 after CEA
performed for carotid near-occlusion30 and after redo
carotid surgery.
In our opinion, in patients who have shunt inser-
tion and in the presence of reinterventions or carotid
near-occlusion, completion angiography is worth-
while. Moreover, when the surgeon uses a technique
which he is not familial with (in our experience ever-
sion CEA and carotid bypass), CA is suggested.
In conclusion, data from our experience suggest
that routine CA following CEA is not justified. CA
may be useful for less experienced surgeons or in
difficult cases at the surgeon’s discretion.
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